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Cless fibre, with Imorov. hui^ u ,| 



Abstract 



O.M1 fibre, which are di,u., 5J i,h.d by tneir , r-Ml 

l?T C " Cia05tniCity •* * dialer 

o. <8 urn. preferably <j u ,. Wlt , fflor , than |(J| ef 

fibre, having a dxax.ter of <3 u,. The type, of g ias. 
usee for producing the,. ; ibres are c , aracttris , d 

containing the fallow,.,* C o, ? ou,d, in the proportion, 
shown in mol-l: 
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Glass fibres with Improval biological compatibility 



Proof of the carcinogenic effect of asbestos has 
been available since the end of the 1950' s. Further research 
in recent times has shown that the carcinogenicity is 
not confined to asbestos but that any fibrous dust in 
5 the form of elongated particles is liable in principle 
to initiate carcinogenic mechanisms which according to 
the present state of scientific knowledge differ distinct- 
ly from the carcinogenic mechanisms of other chemical 
substances or ionizing radiation. 

10 For reasons of industrial health and safety in dealing 

with fibrous dust, there has been in existence since 
the 1960's a scientifically recognised definition of 
an inhalable fibre which may be toxicologically active. 
This definition relates to a fibre recognisable under 

15 the optical microscope as having a geometrical diameter 
of <3 \im. a length of >5 urn and a length/diameter ra£io 
of more than 3:1. This definition is based on the findings 
relating to the carcinogenic effect of asbestos. 

Man made mineral fibres such as glass fibres , basalt 

20 fibres, slag fibres and ceramic fibres which are produced 
in some cases in the form of short fibres may also come 
under this definition. For many technical applications 
it is preferred to use man made mineral fibres (KMF ■ 
kQnstliche Mineralf asern ) having a much smaller geometrical 

23 diameter than 3 um. e.g. so-called micro glass fibres 
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mad* of C- and E-glasses, which have fibre diameters 
of from O.i ym to 5 wm. Man made mineral fibres which 
have been produced by known processes for insulating 
purposes, e.g. by centrifugal basket processes, centrifugal 
wheel processes or blow processes, also contain a proportion 
of fibres having a diameter of less than 3 and to 
some extent even less than 1 urn. The fibres mentioned 
here have been described, e.g. in (1). Such fibres are 
of great technical and economical interest for a wide 
variety of uses. 

In places in which man made mineral fibres are 
produced or used, the fibres in the atmosphere may on 
average be shorter and thinner than those in the finished 
products. Transport mechanisms and forms of distribution and 
transformation of man made mineral fibre* dusts are illustra- 
ted in the literature reference [2) which also gives 
data concerning exposure to fibres entering the lungs 
in the production and processing of man made mineral 
fibres. Further information may also be obtained from (3). 
Detailed information on the carcinogenic effect of man 
pad* mineral fibres is now available as a result of numerous 
scientific investigations carried out worldwide. Thes* 
include int«r alia animal experiments such as inhalation 
test*, intratracheal and intraperitoneal experiments 
end cytobiological and other in vitro studie*. A summary 
of r**ult» is giv*n in (4) in which th* carcinogenic 
effect i* determined by the cooperation of th* following 
two factors: 

1. Th* fibrous form. *.g. in accordance with th* abov* 
definition and 

2. th* p*r*ist*nc* (l*ngth of stay) in th* lung. 

Th* mo*t conclusive results of comparisons b*tw**n 
natural and man-mad* minaral fibr*a ar* obtain** from 
animal *xp«rim«nts in which th* dust* ar* administ*r*d 
intrap*riton*ally or intrapl*urally as th*»* ar* abl* 
to produc* spontaneous tumour*. According to 15 J and 161, 
XARC ha* undertaken to subdivide man-mad* mineral fibr*s 
L* A 26 715 2 



into carcinogenic and non-carcinogenic fibres. According 
to this classification, man made mineral fibres such 
as thin glass fibres, stone fibres and ceramic fibres 
as well as many types of asbestos may be carcinogenic. 
Thick glass fibres and unstable glass fibres are non- 
carcinogenic, me stability of man-made fibres depends 
to a large extent on their chemical composition. The 
length of stay of fibrous dusts m the lun, (persistence) 
depends On the composition and site of the dust particles. 

The greater the chemical stability and the greater 
the geometrical diameter of the fibres, the greater will 
be the persistence. 

Reference (4) gives results of more recent intraperi- 
toneal experiments which unequivocally prove the carcino- 
genic effect of various man-made mineral fibres such 
as basalt fibres and special micro glass fibres. It is 
surprisingly found that glass fibres having an average 
fibre diameter of very much less than i u m are also highly 
carcinogenic. It is known that such fibres have a high 
chemical stability due to the composition of the glass, 
important guidelines for the solubility of man-made mineral 
fibres in vivo and in vitro are found in (7). The signifi- 
cance of the chemical composition for carcinogenesis 
is investigated in (8). in which it is found that fibres 
which have been pretreated intensively with an acid have 
no more tumour producing effect than untreated fibres. 

There is scientific evidence that the carcinogenic 
effect of man-made mineral fibres depends to a high degree 
on the capacity f 9 r removal of the fibres from the lungs. 
This capacity will hereinafter be referred to as "lung 
clearance". It is determined by animal experiments and 
depends on two factors, namely 

1. the so-called translocation, e.g. by macrophages, and 

2. the solubility of the fibres. 

Xn inhalation experiments, there is possibly the 
added factor of alveolar clearance. Clearance experiments 
in ret lungs after intratracheal installation of fibres 
Le A 26 715 3 



2C17342 



tra daacribod in rofaranco 1*1 which «Uo <jiv«» dttt 
on tho half Ufa tmaa of luno claartnca for variout 
ninoral fibraa. in particular 9laaa fibrot. 

Tho pratant invontion it baaad on tha atato of knowlodqo 
» outlined obovo. It it an object of this invention to 

dovolop toalcologicaiiy nermlett «!••• fibrat. t.o. 9l«« 
flbrae which novo no earcinooenic potential. 

This objoct it teniovod according to tho invontion 
by meene of 9lttt fibrtt having tho chemical compoaition 
10 tnd diameter chtrtctorittlct given In tho Moln Cltlm. 

Preferred rangea of toltction tro given In aub-Cltimt 
2 tnd 2. 

OUtt fibrot htving thlt compotitlon htvo eacellent 
phytiologlctl tolublllty. It wet found thtt tho phytlo- 
1$ 109lctl tolublllty wat tccomptnitd by hl9h chomlctl tolu- 
blllty in tcldt tnd bttot. 

Such 9lttt fibrot thow no ctrcinogenic potontltl. 
in contrttt to ttbottot tnd glaaa fibrot htvin9 t compoti- 
tlon dlffo»ln9 from tho compotitlon tccordln9 to tho 

20 Invontion. 

In tho ctto of tho qlttt fibrot tccordln9 to Cltlm 2. 
it wot found thtt tftor intratracheal intttllttion In 
rtt lun9t. tho numbor o£ fibrot foil to htlf tho ordinal 
number within leae thtn U5 dtyt tnd thtt after Intra- 

25 poritenotl intttllttion in rtt lun9t tho tumour rtto 
tfttr 2 yottt wtt lttt thtn 10%. In tho glaaa llbrat 
having tho compoaitlon according to Claim J. tho half Ufa 
wao only 42 daya and tho tumour rata moaaurad aftar 2 yaara 
wao lota than S*. Such 9laaa flbraa may thoroforo bo 

20 claaaiflod aa non-eercinogenic. 
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txamolea of practical embodiment 

Oleaa fibres A and B having the initial diameter 
dlitributiona enown in Figure ' were produced Cor inveatiqatinq 
the phyaioloqicsl cenpetibility in vivo (biostability) . The fibres were 
produced by the debiteuae proceaa described in EP-A 
27» 2M. The diatr ibutions of diameters were determined 
by means of a rsster electron microscope. The two types 
of fibres. A end ft . differed only in their average diameter. 
The chemlcei composition of the glassea was in both cases 
as followst 

8i0 2 ■ 60. ?%t B 2 0 } ■ 3 . 3 % i NSjO • 15.4%| 
iron oxides • 0. 2%i KjO • 0.7%; CsO - U.iti 
MgO • 3.2% <ell figures given in percent by weight). 
The starting materials uaed for producing the glasses 
are normally quarts aand. boric acid, dolomite, lime, 
soda, potash and optionally alio other conventional raw 
materials such as cryolite, titanium dioxide and sodium 
fluoride. 

The fibres samplea were alze reduced in a cutting 
mill or a ball mill and i mg of each sample was suspended 
in water, applisd to a filter by auction and investigated 
under a raster electron microscope at a magnification 
of 500 to 1500. Determination of the length and thicKness 
ol the individual fibres was carried out semi-automatically 
on the basis of raster electron microscopic images (REM) 
with the aid of graph tables and arithmetically determined 
data. The fibre volumes and the number of fibres per* 
unit mass were determined from the length and thickness 
diatributions. Particular attention was given to the 
proportion of fibres having a length above 5 um. a diameter 
below 3 ma and a length/diameter ratio above J as these 
were regarded as biologically effective fibres. The results 
of the experiments sre shown in the following Table. 
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The logarithmic qraph obtained from the individual 
meaauramenta of fibre length and fibra thickness shows 
a flood approximation to a straight line (Figs. 2. J), 
i^a. the valuea oboy a normal dittr ibution. 

The following Tabl* oiv#s the calculated number of 
biologically critical fibres per ng for a particular 
claaa of fibres. 



Sample Def. 1 Def. 2 oef. 3 

L >J um L >3 um L >3 urn 

D <3 urn 0 <i urn o <1 urn 

L/0 >3 L/D > 3 L/0 >5 

A 3U 0.*23 0.534 

» 85.119 79.457 75.834 

The fibre samples A and B were made up into suspensions 
of 2 mg of fibre material in 0,4 ml of physiological 
saline solution and these suspensions were instilled 
intratrachealiy into 35 female Wistar rata. 6 Animala 
par group of fibres were dissected after i day and after 
1. 6 f 12 and 24 months and the lungs were removed, dried 
and plasma ashed at 300 # c. The fibres were freed from 
salt constituents by suspending 1 part of each lung ash 
in IN hydrochloric acid and treatinq it with ultrasound 
for several minutes. The fibres were then Isolated on 
a filter. The fibres thus prepared were Investigated 
under a REM in the same manner as the initial fibre samples. 

In addition, the number of fibrea per lung was deter- 
mined arithmetically from the number of fibrea measured 
and an interpretation of the imagea and th* original 
weight of th# filter. Th# fibre maaa was determined from 
the average fibre volume and the denalty. The results 
obtained are shown in the following Table. 
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It is clear from these experiments that both the 
number and the mass of fibres decreased rapidly (good 
lung clearance). Using an arithmetic formulation of a 
first order kinetiks. so-called half life values are 
obtained for the lung clearances, i.e. the lengths of 
time within either the number or the mass of fibres 
decreases to half the original value. The half life values 
calculated in days are snown in the following Table which 
also gives 95% statistical confidence values to the right 
and left of each average value. A "statistical confidence 
value of 95%" means that the half life value shown to 
the right or left of the average value occurs with a 
probability of 5%. 



Sample 


Fibre number 
> average < 


i Fibre number 

| I L >5 um) 

! > averaqe < 


Fibre mass 
> average 




A 


96 102 109 


1 

! 98 106 115 


88 106 


133 


B 


35 37 39 


! 36 39 42 


42 51 


65 



30 



The followina Table shows a comparison of the half 
life values with the half life values disclosed according 
to the state of the art in (9) for man-made mineral fibres 
having different chemical compositions* Since th<* half 
life value must in theory decrease with decreasing fibre 
diameter, an absolute comparison of lung clearance can 
only be made if the median fibre diameter is taken into 
account. This is achieved by means of the data shown in 
the Table, i.e. the half life value measured with reference 
to the median value of the diameter. The Table shows that 
the values obtained for fibre samples A and a differ greatly 
from the values shown in (9]. 
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Fibre d F50 HaU Ufe v * lu * Half life value/d„ ert 

-m according to 

fibre number 

( L >s >"")(days) (L >5 M m) (days/urn) 



A 


1 .55 


106 


68 


a 


0.6 


39 


65 


Croeidolite 


0.15 


1000 


6667 


Glass fibre 








104/E 


0.1 


55 


5S0 


104/47S 


0.18 


3500 


1 9444 


104/753 


0.20 


165 


825 


Clait wool 


0.91 


272 


299 


Rock wool 


1 .8 


283 


157 


Car ami e wool 


0.8 


780 


975 


Tha rates 


of tumours 


in fact 


induced after 



peritoneal injection can be seen from (4) and [10J. 
Fib** Tumour rate (%1 d 



F50 



0.2 



0.11 



Croeidolite 56.3 - 87.5 

Chrysotile 33 - 83 o.03 

Glass fibre 104/475 64 o.i5 

Basalt fibre 57 1 .1 

Ceramic fibre 70 0.39 

The results clearly show that man-made and natural 
mineral fibres which have a high half life value for 
lung clearance together with a high degree of fineness 
of fibres (high value for half life value/d p5() ) have* 
a high carcinogenic potential. Moreover, the greater 
the relative half life valu*. based on the diameter, 
the greater is the carcinogenic potential. 
Example 2 

A fibre sample C having the diameter distribution 
shown in Figure 1 was produced by the blast nossle process 
according to EP-A-279 286 from the following chemical 
composition t 
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■10, • S« 5 » : 8,0, - ,,. 0 l: N . 0 - 9.a* : A . 0j 

• 5.8%, xron oxide. - „.,%: BaO - 5 .0»; 2 nO .Y 9%5 

*,0 - 2.901; CaO - 3.0%. 

f ibr. value, war. obtained analo,ou.i y to Example , , 
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The logarithmic graph obtained from the individual 
measurements of fibre length and fibre thickness shows a good 
approximation to a straight line (Pig. 4), i.e. the values obey 
a normal distribution. 

The following Table shows the calculated number of 
biological critical fibres for each class of fibres t 
Sample Def. 1 Def. 2 Oef. 3. 

L>3um L >3 wm L > 3 ym 

0 <3 um D <1 urn D <1 urn 

10 L/D >3 L/O >3 L/D >5 

C 11.475 9.734 9.734 

These fibres were again instilled lntratracheally into 
35 Wiatar rats. The fibre samples were then isolated after 1 day 
and 1, 6, 12 and 24 months as in Example 1 and tested for the 
lung clearance. The results of the experiments are shown in the 
following Table. 
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Compared with tne fibres of Example i , these fibres 
decrease substantial iy more slowly in number and mass. 
The decrease is particularly small in the period from 
the 12th to the 24th month: this may be attributed to 
the high stability of these fibres due to their chemical 
composition. 

The half life values obtained from the data given 
in the preceding Table are as follows: 



Sample 



Fibre number 
> averaoe < 



Fibre number 
[ L >5 um) 
> average < 



184 233 317 



190 254 330 



Fibre mass 
> average < 



213 306 542 



Measurement of tumour rates 

The tumour rates were systematically investigated 
for the fibres according to Examples 1 and 2. For this 
purpose, the fibre samples A , B and C described in Examples 
i and 2 were injected intraperitoneal ly into wistar rats 
and the tumour rates were investigated after 2 years. 
The samples were prepared by grinding the initial fibre 
samples in a cutter and ball mill. The size distributions 
of the fibre samples thus obtained are shown in the follow- 
ing Tablet 

Fibre length (urn] Fibre diameter turn] 
Sample 10%< 50%< 90%< 10%< 50%< 90%< 



A1 


4.1 


7.7 


18.0 


0.88 


0.87 


2.57 , 


A2 


m 


N 


N 


m 


m 


m 


B1 


1.4 


4.4 


14.1 


0.2S 


0.47 


0.90 


B2 


* 


• 


m 


m 


• 


■ 


C1 


1.2 


s.s 


32.1 


0.14 


0.38 


0.99 


C2 


m 


n 


• 


■ 


• 


M 
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The fibre samples were injected intraperitoneal ly 
in various doses in the form of a suspension in 2 ml 
of NaCl solution. The aim was to obtain the largest possible 
number of critical fibres having a length greater than 
5 5 Mm in order to increase the tumour producing effect. 
The results of the experiments measured after a period 
of 2 years are summarized in the following Table: 



Intraperitoneal dose Number Animals Tumour 

Sample [mg] Fibre number of with rate 

10 (L >5 urn] animals tumours (I] 

• 10 6 



A1 


1 


X 


20 


1 44 


48 


0 


0 


A2 


3 


X 


20 


432 


48 


0 


0 


B1 


1 


X 


6.7 


39S 


48 


0 


0 


B2 


1 


X 


20 


1180 


4 7 


0 


0 


C1 


1 


X 


6.7 


66 


48 


14 


29.2 


C2 


1 


X 


20 


196 


48 


25 


52.1 



It is found that the fibres C are highly carcinogenic 
in spite of the relatively small number of critical fibres 

20 (L >5 pm) whereas no carcinogenicity could be found in 
samples A and 8* The results for lung clearance shown 
in examples i and 2 thus correlate clearly with the results 
for carcinogenicity. 
Measurement of acid resistance 

25 To investigate the chemical stability, glass fibres 

having the composition shown in Example 1 and having 
an average fibre diameter of 0.5 um determined by electron 
microscope (REM measurement) were treated as follows 
in 37% sulphuric acid at room temperature and at 60'C: 

30 The glass fibres which were to be investigated were 

first dried to constant weight in a circulating air drying 
cupboard at 110*C. After cooling and conditioning in 
a desiccator. 2.0 g of glass fibres were accurately weighed 
out and introduced into a 250 ml Tef lon-Erlenmeyer flask 
Le A 26 715 16 



10 



15 



and ,00 ti.es their weight of 37* sulphuric acid was 
then added. The sa m pl es to be xnvestxgate<j w „ e ^ 

•TandY^ P4rtlCUl " to he used for the 

test and Xept at this temperature with an accuracy of 
•1 C during the treatment time. 

After thi, heat treatment, the g Us . fibr# , W0r . 
removed from the sulphuric acid solution, introduced 
into a 9 l... frit o£ porosity No 4 wMch ^ y 

bean weighed accurately, and then rin.ed with 5 1 or 
completely ..Itfre. water until the filtrate w.. neutral 
The gl... , ibr . , aniple wa , tnen dr . ed ^ no#c J 

hour, .nd weighed in a de.iccator after cooling and 
conditioning. The weight losses in percent by weight 
are shown in the following Table. 

.) Treatment in 371 sulphuric acid at room temperature 
Weight loss after a residence time in hours: 

Re9 (hj nCe tim * weight loss 



1 

20 2 
4 
8 
16 

V. 

72 



(>) 

3.9 
4.0 
7.1 
11.8 
16.0 
17.1 
19.1 
17.8 



b) Tre.taent in 37% h 2 S0 4 at 60'C 

Residence time Weight loss 
M l%) 



30 i 
2 
4 
8 
16 

35 24 
48 

72 



20.8 
20.4 
22.1 
22.8 
24.1 
26.4 
22.7 
25.8 
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Measurement of resistance to alkali! 

Glass fibres having the composition shown in Example 1 
and an average fibre diameter of 2.0 um determined by 
electron microscope are treated in ah aqueous 0.1N NaOH 
solution at room temperature and at 60 *C by a method 
analogous to that employed for the test for acid resistance. 
The weight losses obtained after different treatment times 
are shown in the following Tables: 

a) Treatment in 0.1N NaOH solution at room temperature 

Residence time Weight loss 
th) (%) 

» 2.1 
2 2.3 
* 3.1 

a 3.0 

16 4.7 

24 5.9 

48 a. 8 

72 11.1 

b) Treatment in o.in NaOH solution at 60*C 

Residence time weight loss 

(hi (%) 



1 5.6 

2 13.4 
4 17.1 
8 26.8 

16 38.2 

24 34. S 

48 36.9 

72 41.1 
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Patent Claims 

1. Glass fibres with Improval biological compatibUity.cfaanciexljed In thai the 
fibres have an average diameter of <8 tim. preferably 
O n»t and more than 10% of the fibres have a diameter 
of <3 ym, and In that the glasses used for producing 
the fibres contain the following compounds in the propor- 
tions given in mollis 
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2. Glass fibres according to Clala 1, characterised 
by an average fibre diameter of <2.0 ya and the following 
additional conditions for the molar proportions of AljOj. 
BjOj, Cap and NajOt 



Al 2 Oj < 



»2°3 
CaO 

BSjO 



1 

< 4 

> 11 

> 4 



>!•% 
>1-1 
>l-% 
)!•%. 



3* Glass fibres according to Clala 2. characterised . 

by an average fibre dlaaeter of <i.0 ita and by proportions 

of TiO a , BaO, SnO. SrO and 2r0 2 of < 1 mol-%. 
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